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(54) Spark plug 

(57) The size of a tool engagement portion (1 e) of a 
metallic shell (1) of a spark plug is reduced such that |A 
- E| is not greater than 1.5 mm, where A is an outside 
dimension of the tool engagement portion (1 e), and E is 
an effective diameter of a male-threaded portion (7) of 
the metallic shell (1). Also, the effective diameter E of 
the male-threaded portion (7) of the metallic shell (1) 
and the diameter D 2 of an intermediate-bore portion 
(40a) of the metallic shell (1) are determined such that 
the relationship 0.4 < (D 2 /E) 2 < 0.6 is satisfied. There- 
fore, even when the outside diameter of the insulator (2) 
decreases in association with a reduction in the size of 
the tool engagement portion (1e), the wall thickness of 
the male-threaded portion (7) of the metallic shell (1) 
falls within an appropriate range. Thus, during forging of 
the metallic shell (1), a forging punch is less susceptible 
to breakage and is less likely to cause a working defect. 
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Description 



[0001] The present invention relates to a spark plug 
used for ignition in an internal combustion engine. 
[0002] FIG. 9 shows a conventional spark plug 300 5 
used for ignition in an internal combustion engine, such 
as an automobile gasoline engine. The spark plug 300 
is mounted on a cylinder head SH of an engine by 
means of a male-threaded portion 301a formed on an 
outer circumferential surface of a metallic shell 301. io 
When the spark plug 300 is mounted on the cylinder 
head SH, a spark discharge gap g defined by a ground 
electrode 304 and a center electrode 303 is positioned 
within a combustion chamber BR and is adapted to 
ignite a fuel-air mixture. A hexagonal portion 305 (tool 75 
engagement portion) is formed on an outer circumferen- 
tial surface of the metallic shell 301 and is adapted to 
tighten the male-threaded portion 301a through 
engagement with a tightening tool. The metallic shell 
301 assumes a substantially cylindrical shape having a 20 
bore 306 for reception of an insulator 302 and is con- 
ventionally manufactured through cold plastic working 
combined with machining. In many spark plugs, in order 
to improve manufacturing efficiency, a schematic profile 
and the bore 306 are formed through die forging, and a 
final profile including the male-threaded portion 301a is 
finished through machining. Since the metallic shell 301 
has a thin-walled portion, the dimensions of the metallic 
shell 301 must be designed in consideration of a mate- 
rial flow during die forging; otherwise, a working defect 
is likely to occur. 

[0003] With a recent tendency toward complication 
of engine head structure, space allocated around a 
valve for installation of the spark plug 300 is decreasing. 
Thus, the hexagonal portion 305 is required to be 
reduced in size so as to increase space for use on the 
head side. However, reducing the size of the hexagonal 
portion 305 involves the following problems. 

(1) In order to prevent an excessive reduction in the 
wall thickness of the hexagonal portion 305 in asso- 
ciation with a reduction in the size of the hexagonal 
portion 305, a diameter of a portion (hereinafter 
referred to as a major-bore portion) 306a of the 
shell bore 306 corresponding to the hexagonal por- 45 
tion 305 must be reduced. Also, the outside diame- 
ter of the insulator 302 must be reduced 
accordingly. However, when a diameter D 2 of a por- 
tion (hereinafter referred to as an intermediate-bore 
portion) of the shell bore 306 corresponding to the so 
male-threaded portion 301a is reduced, a forging 
punch used to form the intermediate-bore portion 
306b through forging becomes excessively thin and 
thus may be damaged or may cause a working 
defect when a large working load is imposed ther- 55 
eon. This problem arises particularly in the case 
when the male-threaded portion 301a has a long 
screw reach. 



25 



30 



35 



40 



(2) A portion of the insulator 302 which is positioned 
within the major-bore portion 306a is formed into a 
flange portion 302e. When the metallic shell 306 is 
caulked onto the insulator 302, the flange portion 
302e bears a caulking force. A metallic terminal 313 
and a center electrode 303 are connected by 
means of a glass seal portion 315. In the step of 
forming the glass seal portion 315, the flange por- 
tion 302e bears an associated pressing force. Spe- 
cifically, the center electrode 303, a material 
powder of the glass seal portion 315, and the 
metallic terminal 313 are disposed within a through- 
hole formed in the insulator 302. The thus-prepared 
insulator 302 is inserted into a bore formed in a seat 
die such that the flange portion 302e rests on an 
inner seat portion formed on the wall of the bore. In 
this state, the entire insulator 302 is heated to a 
temperature equal to or higher than a glass soften- 
ing point, and the metallic terminal 313 is pressed 
axially inward so as to press the material powder in 
combination with the center electrode 303, thereby 
forming the glass seal portion 315. During this 
pressing work, the flange portion 302e bears a 
pressing force. 

If the outside diameter of the insulator 302 is 
rendered excessively small in order to meet the 
demand described above in (1), the manufacture of 
the insulator 302 becomes very difficult. Therefore, 
there is a certain limit to a reduction in the outside 
diameter of the insulator 302. As the size of the 
hexagonal portion 305 is reduced, the diameter D 1 
of the major-bore portion 306a is reduced accord- 
ingly. Thus, the diameter of the flange portion 302e, 
which is accommodated within the major-bore por- 
tion 306a, is also reduced accordingly. As a result 
of a reduction in the size of the hexagonal portion 
305, the diameter of the flange portion 302e must 
be reduced to a relatively large extent, whereas 
there is a certain limit to a reduction in the diameter 
of a portion of the insulator 302 other than the 
flange portion 302e (for example, a portion of the 
insulator 302 positioned within the intermediate- 
bore portion 306b; hereinafter referred to as an 
intermediate-trunk portion 302a). As a result, the 
amount of a projection of the flange portion 302e 
decreases, causing, for example, a decrease in the 
area of contact between the flange portion 302e 
and the seat portion of the seat die used in the step 
of forming the glass seal portion 315. A resultant 
load concentration is likely to cause breakage of the 
seat die or galling of the insulator 302 and the seat 
die. 

(3) If the diameter of the intermediate-trunk portion 
302a of the insulator 302 is reduced in order to 
meet the demand described above in (2), and also 
the diameter D 2 of the intermediate-bore portion 
306b of the metallic shell 306 is set to a rather large 
value in order to attain favorable workability in rela- 
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tton to forging as mentioned above in (1), a gap is 
likely to be formed between the intermediate-bore 
portion 306b and the intermediate-trunk portion 
302a of the insulator 302. The presence of this gap 
tends to cause an eccentric disposition of the insu- 5 
lator 302 within the metallic shell 301, potentially 
causing an impairment in spark plug performance 
(for example, lateral sparking). 

[0004] An object of the present invention is to pro- 10 
vide a spark plug capable of increasing the degree of 
freedom with respect to space around a cylinder head 
on which the spark plug is mounted, through reduction 
in the size of a tool engagement portion, such as a hex- 
agonal portion, and capable of implementing one or 15 
more of the following: 

(1) in spite of a reduction in the size of the tool 
engagement portion, a metallic shell which can be 
manufactured efficiently and at high yield; 20 

(2) during formation of a conductive glass seal layer 
or a resistor by use of a seat die, breakage or gall- 
ing of the seat die is less likely to occur; and 

(3) during incorporation of an insulator into the 
metallic shell, an eccentric disposition of the insula- 25 
tor within the metallic shell is less likely to occur. 

[0005] To achieve the above object, the present 
invention provides a spark plug comprising a rodlike 
center electrode; a substantially cylindrical insulator 30 
enclosing the center electrode; a substantially cylindri- 
cal metallic shell having opened opposite ends and 
enclosing the insulator; and a ground electrode con- 
nected to the metallic shell and defining a spark dis- 
charge gap in cooperation with the center electrode. 35 
[0006] A male-threaded portion is formed on a 
front-side outer circumferential surface of the metallic 
shell, and a tool engagement portion adapted to tighten 
the male-threaded portion into a female-threaded hole 
formed in an internal combustion engine is formed on 40 
the outer circumferential surface of the metallic shell on 
a rear side with respect to the male-threaded portion in 
such a manner as to be projected circumferentially out- 
ward. In the specification, the term "front" refers to a 
spark discharge gap side with respect to an axial direc- 45 
tion of the center electrode, and the term "rear" refers to 
a side opposite the front side. 

[0007] The diameter of a front portion of the insula- 
tor is reduced by means of a c ircumferenti ally -form ed- 
stepped portion. The stepped portion serves as an insu- so 
lator-side engagement portion. A shell-side engage- 
ment portion is projected inward from a portion of an 
inner surface of the metallic shell corresponding to the 
male-threaded portion. The insulator is inserted into the 
metallic shell through a rear-end opening such that the 55 
insulator-side engagement portion is engaged with the 
shell-side engagement portion to thereby prevent the 
insulator from slipping through the metallic shell. 
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[0008] In the spark plug, |A - E| is not greater than 
1.5 mm, and (D 2 /E) 2 ranges from 0.4 to 0.6 inclusive, 
where A is an outside dimension of the tool engagement 
portion represented by the diameter of an inscribed cir- 
cle of a cross-sectional outline of the tool engagement 
portion, E is the effective diameter of the male-threaded 
portion, and D 2 is the diameter of a portion of a bore of 
the metallic shell located on a rear side with respect to 
the shell-side engagement portion (the portion of the 
bore is hereinafter referred to as an intermediate-bore 
portion). 

[0009] According to the above-described structure, 
the outside dimension A of the tool engagement portion 
(for example, a hexagonal portion) is reduced with 
respect to the effective diameter E of the male-threaded 
portion such that |A - E| becomes not greater than 1 .5 
mm. Thus, the degree of freedom with respect to space 
around a cylinder head on which the spark plug is 
mounted can be increased. Even when space available 
around a valve for installation of the spark plug 
decreases due to complication of cylinder head struc- 
ture, the spark plug can be easily mounted on the cylin- 
der head. Although the outside diameter of the insulator 
decreases in association with a reduction in the size of 
the tool engagement portion, so long as 
0.4<(D 2 /E) 2 <0.6, the wall thickness of the male- 
threaded portion of the metallic shell falls within an 
appropriate range. Thus, during forging of the metallic 
shell, a forging punch is less susceptible to breakage 
and is less likely to cause a working defect. That is, the 
problem described previously in (1) is solved, and the 
metallic shell can be manufactured efficiently and at 
high yield. 

[0010] More specifically, (D 2 /E) 2 represents the 
ratio of the cross-sectional area of the intermediate- 
bore portion having the diameter D2MD2/2) 2 " to the 
cross-sectional area of the male-threaded portion hav- 
ing the effective diameter E "7t(E/2) 2 ." The smaller the 
value (D 2 /E) 2 (i.e., the more the effective diameter E of 
the male-threaded portion increases with respect to the 
diameter D 2 of the intermediate-bore portion), the 
greater the wall thickness of the male-threaded portion. 
When (D 2 /E) 2 is less than 0.4, the wall thickness of the 
male-threaded portion becomes excessively large, 
causing an insufficient diameter of the intermediate- 
bore portion. As a result, when the intermediate-bore 
portion is to be formed through cold working, such as 
forging, a forging punch to be used becomes exces- 
sively thin and thus may be damaged or may cause a 
working defect when a large working load is imposed 
thereon. When (D 2 /E) 2 is in excess of 0.6, the wall thick- 
ness of the male-threaded portion becomes excessively 
thin. As a result, formation of the male-threaded portion 
through cold working becomes difficult, and the formed 
male-threaded portion suffers insufficient strength. 
More preferably, (D 2 /E) 2 ranges from 0.45 to 0.55. 
[001 1 ] A flange portion may be formed on the outer 
circumferential surface of the insulator on the rear side 
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with respect to the stepped portion. In this case, prefer- 
ably, d 2 /d 1 is not greater than 0.75, where d-i is the out- 
side diameter of the flange portion, and d 2 is the outside 
diameter of an intermediate-trunk portion extending 
between the flange portion and the stepped portion. As 5 
mentioned previously in (2), in the case of reducing the 
outside dimension A of the tool engagement portion 
such that |A - E| is not greater than 1 .5 mm, if the out- 
side diameter of the intermediate-trunk portion 
becomes excessively small, manufacture of the insula- 10 
tor becomes very difficult. Also, a reduction in the size of 
the tool engagement portion unavoidably requires a 
reduction in the outside diameter of the flange portion. 
In other words, the diameter ratio d 2 /d-| between the 
intermediate-trunk portion and the flange portion tends 75 
to increase. As d 2 /d-, increases, the amount of projec- 
tion of the flange portion from the outer circumferential 
surface of the intermediate-trunk portion decreases. As 
a result, as mentioned previously, the step of forming a 
glass seal portion is likely to involve breakage of a seat 20 
die or galling between the insulator and the seat die. 
Through employment of a d 2 /di of not greater than 0.7, 
the amount of projection of the flange portion becomes 
sufficiently large, thereby effectively preventing the 
above-mentioned problem associated with a reduction 2 s 
in the size of the tool engagement portion; i.e., solving 
the problem described previously in (2). More prefera- 
bly, d 2 /d 1 is not greater than 0.65. However, d 2 /d-, is 
excessively small, the intermediate-trunk portion 
becomes too thin for manufacture of the insulator. 30 
Therefore, in order to avoid such a problem, the value 
d 2 /d-| must be adjusted as adequate. 
[0012] As mentioned previously under problem (3), 
if the diameter of the intermediate-bore portion is set to 
a rather large value in order to attain favorable workabil- 35 
ity of the metallic shell while the diameter of the interme- 
diate-trunk portion of the insulator is decreased in 
association with a reduction in the size of the tool 
engagement portion, a gap is likely to be formed 
between the intermediate-bore portion of the metallic 40 
shell and the intermediate-trunk portion of the insulator. 
In the case of formation of such a gap, preferably, an 
eccentricity preventive portion is provided substantially 
concentrically with the intermediate-bore portion and 
the intermediate-trunk portion in such a manner as to 45 
partially fill the gap. In the step of incorporating the insu- 
lator into the metallic shell, the eccentricity preventive 
portion restricts lateral movement of the insulator; i.e., 
an eccentric disposition of the insulator within the metal- 
lic shell, thereby solving the problem described previ- so 
ously in(3). 

[0013] Embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which: 

55 

FIG. 1A is a longitudinal sectional view showing a 
spark plug according to an embodiment of the 
present invention; 



FIG. 1 B is a longitudinal sectional view showing a 
dimensional definition with respect to the spark 
plug of FIG. 1A; 

FIG. 1C is a schematic transverse cross section 
showing a tool engagement portion of the spark 
plug of FIG. 1A; 

FIG. 2A is a longitudinal sectional view showing a 
spark plug similar to that of FIG. 1A except that a 
shell-side eccentricity preventive projection is 
formed; 

FIG. 2B is a longitudinal sectional view showing a 
dimensional definition with respect to the spark 
plug of FIG. 2A; 

FIG. 2C is an enlarged sectional view showing the 
shell-side eccentricity preventive projection; 
FIG. 3A is a longitudinal sectional view showing a 
spark plug similar to that of FIG. 1 A except that an 
eccentricity preventive ring is disposed; 
FIG. 3B is a longitudinal sectional view showing a 
dimensional definition with respect to the spark 
plug of FIG. 3A; 

FIG. 3C is a perspective view showing the eccen- 
tricity preventive ring; 

FIG. 4A is a longitudinal sectional view showing a 
spark plug similar to that of FIG. 1 A except that an 
insulator-side eccentricity preventive projection is 
formed; 

FIG. 4B is a longitudinal sectional view showing a 
dimensional definition with respect to the spark 
plug of FIG. 4A; 

FIG. 4C is a perspective view showing the insulator- 
side eccentricity preventive projection; 
FIGS. 5A-5D, and 6 are views showing a glass seal 
step; 

FIG. 7A is a graph showing the test results with 
respect to example 1 ; 

FIG. 7B is a graph showing the test results with 
respect to example 2; 

FIG, 8 is a table showing the test results with 
respect to example 3; and 

FIG. 9 is a longitudinal sectional view showing a 
conventional spark plug. 

[0014] Referring to FIGS. 1A and 1B, a spark plug 
100 includes a metallic shell 1, an insulator 2, a center 
electrode 3, and a ground electrode 4. The metallic shell 
1 assumes a substantially cylindrical shape. The insula- 
tor 2 is fitted into the metallic shell 1 such that a tip por- 
tion 2i is projected from the metallic shell 1 . The center 
electrode 3 is disposed within the insulator 2 such that a 
tip portion is projected from the insulator 2. One end of 
the ground electrode 4 is connected to the metallic shell 
1 through, for example, welding. A spark discharge gap 
g is defined by the ground electrode 4 and the center 
electrode 3. Hereinafter, the term "front" refers to the 
side of the spark discharge gap g with respect to the 
axial direction of the center electrode 3, and the term 
"rear" refers to a side opposite the front side. 
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[0015] A through-hole 6 is formed axially in the 
insulator 2. A metallic terminal 13 is inserted into the 
through-hole 6 from one end and is fixed therein. Simi- 
larly, a center electrode 3 is inserted into the through- 
hole 5 from the other end and is fixed therein. A resistor 5 
is disposed within the through-hole 6 and between the 
metallic terminal 13 and the center electrode 3. The 
opposite ends of the resistor 15 are electrically con- 
nected to the center electrode 3 and the metallic termi- 
nal 13 via conductive glass seal layers 16 and 17, 10 
respectively. The resistor 15 is formed from a resistor 
composition which is obtained by the steps of mixing 
glass powder and conductive-material powder (and, as 
needed, ceramic powder other than glass) and sintering 
the resuttant mixture by means of, for example, a hot 15 
prcoc Atternatrveiy, the resistor 15 may be omitted, and 
tho m^taikc terminal 13 and the center electrode 3 may 
bo integrated by means of a single conductive glass 
s*ai layer 

JC01S] The insulator 2 is formed from an insulating 20 
material, tucn as alumina or aluminum nitride (AIN). 
Th« insulator 2 has a flange portion 2e which is formed 
»n an anally intermediate position in such a manner as 
to tv proj<=Nci<?d circurrrferentially outward. The insulator 
2 irtoitfles a mam-body portion 2b, which is located on 25 
the rear s*de wrth respect to the flange portion 2e and 
has a ctametef smaller than that of the flange portion 
2e The insulator 2 further includes an intermediate- 
trunk portion 2g— which is located on the front side with 
respect to the flange portion 2e and has a diameter 30 
smaller than that of the flange portion 2e — and a tip por- 
tion 2i which is located on the front side with respect to 
the intermediate-trunk portion 2g and has a diameter 
smaller than that of the intermediate-trunk portion 2g. A 
boundary portion between the flange portion 2e and the 35 
intermediate-trunk portion 2g is formed into a stepped 
portion 21 The intermediate-trunk portion 2g assumes a 
substantially cylindrical shape. The outside diameter of 
the tip portion 2i is reduced toward an end of the tip por- 
tion 2i such that the tip portion 2i assumes substantially 40 
a truncated cone shape. 

[0017] The metallic shell 1 is made of a ferrous 
material suited for cold working, such as low-carbon 
steel or carbon steel wires for cold heading and cold 
forging specrfied in J IS G 3539, and serves as a nous- 45 
ing for the spark plug 100. Carbon steel wires for cold 
heading and cold forging specrfied in J IS G 3539 and 
applicable favorably tote present invention include 
SWCH8A (C: <0. 10; Si: <0.10; Mn: <0.60; Al: >0.02; bal- 
ance: Fe (unit: weight %)); SWCH17K (C: 0.15-0.20; Si: so 
0.10-0.35; Mn: 0.30-0.60; balance: Fe (unit: weight %)); 
and SWCH25K (C: 0.22-0.28; Si: 0.10-0.35; Mn: 0.30- 
O.SO; balance: Fe (unit: weight %)). 
[0018] A male-threaded portion 7 is formed on the 
front side, outer circumferential surface of the metallic 55 
shell 1 and is adapted to attach the spark plug 100 to an 
engine block. A ring-shaped gasket G is fitted to a root 
of the male-threaded portion 7. A flange-shaped gas 



seal portion ig is formed on an outer circumferential 
surface of the metallic shell 1 on the rear side with 
respect to the male-threaded portion 7 and in such a 
manner as to be projected circumferentially outward. A 
thin-walled connection portion 1h is located on the rear 
side with respect to the gas seal portion 1g. A tool 
engagement portion le is formed on the metallic shell 1 
on the rear side with respect to the connection portion 
ih and in such a manner as to be projected circumfer- 
entially outward. The tool engagement portion le is 
adapted to engage with a tool, such as a spanner or a 
wrench, in order to tighten the male-threaded portion 7 
into a female-threaded hole formed in a cylinder head 
for attachment of the spark plug 100 to the cylinder 
head. As shown in FIG. 1C, the tool engagement por- 
tion 1 e has a substantially hexagonal cross section. The 
spark plug 100 attached to the cylinder head is used to 
ignite a fuel-air mixture supplied into a combustion 
chamber. When the spark plug 100 is attached to the 
cylinder head as described above, the gasket G is com- 
pressed and deformed between the gas seal portion 1g 
and a circumferential edge portion of the female- 
threaded hole to thereby seal the female-threaded hole 
and the male-threaded portion 7 against each other. 
[0019] A bore 40 is formed axially in the metallic 
shell 1 so as to receive the insulator 2. A circumferential 
projection 1c (shell-side engagement portion) is formed 
on a portion of the wall surface of the bore 40 corre- 
sponding to the male-threaded portion 7 and is located 
in a frontward intermediate position. A portion of the 
bore 40 which extends rearward from the projection 1c 
serves as an intermediate-bore portion 40a for accom- 
modating the intermediate-trunk portion 2g of the insu- 
lator 2. The intermediate-bore portion 40a is merged 
into a major-bore portion 40b having a diameter greater 
than tat of the intermediate-bore portion 40a via a 
stepped portion formed at the rear end thereof The 
major-bore portion 40b accommodates the flange por- 
tion 2e. 

[0020] The outside diameter of the center electrode 
3 is smaller than that of the resistor 15. The through- 
hole 6 formed in the insulator 2 includes a substantially 
cylindrical first portion 6a for receiving the center elec- 
trode 3 and a substantially cylindrical second portion 6b 
located on the rear side with respect to the first portion 
6a and having a diameter greater than that of the first 
portion 6a. As shown in FIG. 1A, the metallic terminal 
13 and the resistor 15 are accommodated within the 
second portion 6b, and the center electrode 3 is 
inserted into the first portion 6a. An electrode fixation 
projection 3c is formed on a rear end portion of the 
center electrode 3 in such a manner as to be circurrrfer- 
entially projected outward from the outer circumferential 
surface of the center electrode 3. The first portion 6a 
and the second portion 6b are connected within the 
intermediate-trunk portion 2g. via a tapered or radiused 
seat surface 6c permitting the electrode fixation projec- 
tion 3c to rest thereon. 
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[0021] The insulator 2 has a stepped portion 2h 
formed between the intermediate-trunk portion 2g and 
the tip portion 2i. Serving as the insutator-side engage- 
ment portion, the stepped portion 2h engages with the 
projection 1c of the metallic shell 1, or the shell-side 5 
engagement portion, via a ring-shaped sheet packing 
63. In this manner, the insulator 2 is prevented from axi- 
ally slipping through the metallic shell 1. In a space 
defined by the outer surface of the insulator and the 
inner wall of a rear-end opening portion of the metallic to 
shell 1 , a ring-shaped wire packing 62 is fitted to a rear- 
end face of the flange portion 2e; a filler layer 61, such 
as talc, is disposed on the rear side with respect to the 
wire packing 62; and a ring-shaped packing 60 is dis- 
posed on the rear side with respect to the filler layer 61. 75 
While the insulator 2 fitted into the metallic shell 1 is 
pressed toward the front side, a rear opening edge of 
the metallic shell 1 is caulked inward and toward the 
packing 60, thereby forming a caulked portion 1d and 
thus fixedly integrating the metallic shell 1 and the insu- 20 
lator 2 into a single unit. 

[0022] Next, dimensional conditions of the spark 
plug 1 00 will be described. |A - E| is not greater than 1 .5 
mm, where A is an outside dimension of the tool 
engagement portion 1 e represented by the diameter of 25 
an inscribed circle of a cross-sectional outline of the tool 
engagement portion 1e as shown in FIG. 1C, and E is 
the effective diameter of the male-threaded portion 7 as 
shown in FIG. 1B (i.e., the size of the tool engagement 
portion 1 e is reduced such that the difference between 30 
the outside dimension A of the tool engagement portion 
1 e and the effective diameter E of the male-threaded 
portion 7 is not greater than 1.5 mm). Also, (D 2 /E) 2 
ranges from 0.4 to 0.6 inclusive (preferably 
0.45<(D 2 /E) 2 <0.55), where D 2 is the diameter of the 35 
intermediate-bore portion 40a of the metallic shell 1 
Further, d 2 /d-i is not greater than 0.75 (preferably 
0.65^/d^, where 6^ is the outside diameter of the 
flange portion 2e of the insulator 2, and d 2 is the outside 
diameter of the intermediate-trunk portion 2g of the 40 
insulator 2. 

[0023] More specifically, dimensions of the spark 
plug 100 are adjusted to the following ranges (parenthe- 
sized values are of a tested spark plug of FIG. 1). 

45 

Overall length of insulator 2, I-,: 45 to 100mm (69 
mm) 

Length of intermediate-trunk portion 2g. I 2 : 3 to 28 
mm (18 mm) 

Length of tip portion 2i, l 3 : 3 to 25 mm (14 mm) so 
Outside diameter of main-body portion 2b t dO: 5 to 
1 2 mm (9 mm) 

Outside diameter of flange portion 2e, d^ 6 to 13 
mm (11.3 mm) 

Outside diameter of intermediate-trunk portion 2g, 55 
d 2 : 4.5 to 10 mm (7.3 mm) 
Outside dimension of tool engagement portion 1 e, 
A: 5.5 to 15.5 mm (14 mm) 
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Diameter of intermediate-bore portion 40a, D 2 : 4.5 
to 11 mm (9.5 mm) 

Length of intermediate-bore portion 40a, : 3 to 28 
mm (17mm) 

Diameter of major-bore portion 40b, D 1 : 6. 1 to 1 3. 5 
mm (13.06 mm) 

Effective diameter of male-threaded portion 7, E: 7 
to 14 mm (14 mm) 

Screw reach of male-threaded portion 7, L 2 : 10 to 
27 mm (24.5 mm) 

[0024] In manufacture of the metallic shell 1, a 
material wire as specified in, for example, J1S G 3539 
"Carbon Steel Wires for Cold Heading and Cold Forg- 
ing" is cut into rods, each having a predetermined 
length. The rod is die-forged so as to assume a rough 
profile and to form the bore 40 therein. The resulting 
workpiece undergoes form rolling so as to form the 
male-threaded portion 7 thereon, followed by finishing 
work to yield the metallic shell 1 . 
[0025] Next, the step of attaching the center elec- 
trode 3 and the metallic terminal 13 to the insulator 2 
and forming the resistor 15 and the conductive glass 
seal layers 16 and 17 (hereinafter referred to as a glass 
seal step) will be described briefly. As shown in FIG. 5A> 
the center electrode 3 is inserted into the first portion 6a 
of the through-hole 6 formed in the insulator 2. Subse- 
quently, as shown in FiG. 5B, a conductive glass pow- 
der H is placed in the through-hole 6. Then, as shown in 
FIG. 5C, a presser bar 28 is inserted into the through- 
hole 6 so as to preliminarily compress the powder H, 
thereby forming a first conductive glass powder layer 
26. Next, a resistor composition powder is placed in the 
through-hole 6 and undergoes preliminary compression 
in a similar manner, thereby forming a resistor composi- 
tion powder layer 25. Further, a conductive glass pow- 
der is placed in the through-hole 6, followed by similar 
preliminary compression to thereby form a second con- 
ductive glass powder layer 27. As a result, as shown in 
FIG. 5D, the first conductive glass powder layer 26, the 
resistor composition powder layer 25, and the second 
conductive glass powder layer 27 are arranged in layers 
on the center electrode 3. 

[0026] FIG. 6(A) shows an assembly PA of the 
metallic terminal 13 and the insulator 2, in which the 
metallic terminal 13 is inserted into the through-hole 6 of 
the insulator 2. The insulator 2 is inserted into a 
through-hole Sa formed in a seat die S so that the 
flange portion 2e rests on an edge portion of the 
through-hole Sa. The assembly PA is placed in a fur- 
nace and is heated to a predetermined temperature of 
900°C to 1000°C (an average temperature of the entire 
assembly PA), which is equal to or higher than a glass 
softening point. Subsequently, the metallic terminal 13 
is pressed further into the through-hole 6 to thereby axi- 
ally press the layers 26, 25, and 27. As a result, as 
shown in FIG. 6(B), the layers 26, 25, and 27 are com- 
pressed and sintered to thereby become the conductive 
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glass seal layer 16, the resistor 15, and the conductive 
glass seal layer 17, respectively. In this glass seal step, 
the flange portion 2e bears a force of the above press- 
ing work. 

[0027] As described previously, dimensional condi- 5 
tions of the present invention yield the following action 
and effect in the glass seal step. Through reduction of 
the outside dimension A of the tool engagement portion 
1e such that |A - E| becomes not greater than 1.5 mm, 
the degree of freedom with respect to space around a w 
cylinder head can be increased. Through employment 
of 0.4<(D 2 /E) 2 <0.6, the wall thickness of the male- 
threaded portion 7 falls within an appropriate range. 
Thus, during forging of the metallic shell 1 , a forging 
punch is less susceptible to breakage and is less likely is 
to cause a working defect, so that the metallic shell 1 
can be manufactured efficiently and at high yield. 
Through employment of a d 2 /d<| of not greater than 0.75, 
the amount of projection of the flange portion 2e 
becomes sufficiently large, whereby the glass seal step 20 
is less likely to involve breakage of the seat die S or gall- 
ing between the insulator 2 and the seat die S which 
would otherwise results from load concentration. 
[0028] A wall thickness T of the male-threaded por- 
tion 7 can be represented by (E - D 2 )/2. The male- 25 
threaded portion 7 may be designed from the viewpoint 
of the wall thickness T in the following manner. For 
example, in the case of 7 mm<E<14 mm and 4.5 
mm<D 2 <1 1 mm, 3 mm<(E - D 2 )<5 mm is preferred, if 
(E - D 2 ) is less than 3 mm, the wall thickness T becomes 30 
too thin for formation of the male-threaded portion 7 
through cold working. If (E - D 2 ) is in excess of 5 mm, 
the wall thickness T becomes excessively large, caus- 
ing an insufficient diameter D 2 of the intermediate-bore 
portion 40a. As a result, when the intermediate-bore 35 
portion 40a is to be formed through cold working, such 
as forging, a forging punch to be used becomes exces- 
sively thin and thus may be damaged or may cause a 
working defect when a large working load is imposed 
thereon. More preferably, (E - D 2 ) ranges from 3.5 mm 40 
to 4.5 mm. 

[0029] As the screw reach L 2 of the male-threaded 
portion 7 increases, the above-mentioned problem is 
more likely to occur. A lower limit of the ratio of the wall 
thickness T of the male-threaded portion 7 to the screw 45 
reach L 2 ; i.e., a lower limit of T/L 2 is adjusted so as to 
impart a sufficient wall thickness to the male-threaded 
portion 7 in order to prevent difficulty in forming the 
male-threaded portion 7 through cold working. An upper 
limit of T/L 2 is adjusted so as to prevent the problem in so 
that, when the intermediate-bore portion 40a is to be 
formed through cold working, such as forging, a forging 
punch to be used becomes excessively thin and thus 
may be damaged or may cause a working defect when 
a large working load is imposed thereon. ss 
[0030] The amount of projection of the flange por- 
tion 2e from the outer circumferential surface of the 
intermediate-trunk portion 2g is represented by (d-, -d 2 ), 



where d 1 is the outside diameter of the flange portion 
2e, and d 2 is the outside diameter of the intermediate- 
trunk portion 2g. In the case of 6 mm^d^lS mm and 
4.5 mm<d 2 <10 mm, l.5mm<(d 1 -d 2 ) is preferred. 
Through employment of(d r d 2 ) not less than 1.5 mm, 
the amount of projection of the flange portion 2e 
becomes sufficiently large, thereby effectively prevent- 
ing the aforementioned problem which would otherwise 
arise in association with a reduction in the size of the 
tool engagement portion le. Notably, the radio d 2 /d<| is 
adjusted as appropriate in order to prevent the problem 
in that the intermediate-trunk portion 2g becomes too 
thin for manufacture of the insulator 2. More preferably, 
(d-j - d 2 ) is not less than 2 mm. 

[0031] If the diameter D 2 of the intermediate-bore 
portion 40a is set to a rather large value in order to 
attain favorable workability of the metallic shell 1 ; specif- 
ically, in order to attain favorable durability of a forging 
punch while the diameter of the intermediate-trunk por- 
tion 2g of the insulator 2 is decreased in association 
with a reduction in the size of the tool engagement por- 
tion 1 e, a gap J is likely to be formed between the wall 
of the intermediate-bore portion 40a and the outer sur- 
face of the intermediate-trunk portion 2g. in this case, 
an eccentricity preventive portion is provided substan- 
tially concentrically with the intermediate-bore portion 
40a and the intermediate-trunk portion 2g in such a 
manner as to partially fill the gap J, thereby preventing 
an eccentric disposition of the insulator 2 within the 
metallic shell 1 . Examples of the eccentricity preventive 
portion will next be described. 

[0032] FIGS. 2A and 2B show a spark plug 1 1 0 sim- 
ilar to that of FIGS. 1A and IB except that a shell-side 
eccentricity preventive projection is serving as the 
eccentricity preventive portion is circumferentially 
formed on the wall of the intermediate-bore portion 40a 
(the same features as those of FIGS. 1A and 1B are 
denoted by common reference numerals, and their 
description is omitted). The shell-side eccentricity pre- 
ventive projection is is formed continuously with a rear 
edge of the shell-side engagement portion 2h and 
annularly along the circumferential direction of the inter- 
mediate-bore portion 40a. An inner circumferential sur- 
face 1s2 of the shell-side eccentricity preventive 
projection 1s assumes a cylindrical surface correspond- 
ing to an outer circumferential surface of the intermedi- 
ate-trunk portion 2g. As shown in FIG. 2C, the inner 
circumferential surface 1s2 and the wall surface of the 
intermediate-bore portion 40a are connected by means 
of a tapered connection surface 1si. In the step of 
incorporating the insulator 2 into the metallic shell 1 , the 
shell-side eccentricity preventive projection 1s restricts 
lateral movement of the insulator 2, thereby preventing 
an eccentric disposition of the insulator 2 within the 
metallic shell 1 . 

[0033] The shell-side eccentricity preventive projec- 
tion Is has a bore diameter D 3 and an axial length Q of 
the inner circumferential surface. Preferably, the shell- 
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side eccentricity preventive projection 1s meets the fol- 
lowing dimensional conditions: 0.96 < d 2 /D 3 < 1 , and Q 
> 1 mm, where d 2 is the diameter of the intermediate- 
bore portion 40a. If d 2 /D 3 is less than 0.95 or if Q is less 
than 1 mm, the effect of preventing lateral movement of 
the insulator 2 becomes insufficient. If d 2 /D 3 is in excess 
of 1 . the insertion of the intermediate-trunk portion 2g 
into the intermediate-bore portion 40a becomes difficult. 
The ratio d 2 /D 3 is preferably 0.97 to 0.98. The length Q 
is preferably not less than 1.5 mm. If Q/L-) (where L-i is 
the axial length of the intermediate-bore portion 40a 
including the shell-side eccentricity preventive projec- 
tion 1s) is in excess of 0.3, a similar result to that in the 
cas« where the wall thickness of the male-threaded por- 
tion 7 is increased will arise, causing an increased like- 
lihood o* breakage of a forging punch. Therefore, Q/L^ 
ts tfi* to not greater than 0.3, preferably not greater than 
0 2 Senc® a gap between the outer circumferential sur- 
tec® of ffva tiange portion 2e and the wall of the major- 
bore portion 40b may also cause an eccentric disposi- 
tion a? tnsuiatoi 2. preferably, d-^D-, is also adjusted 
to a range of 0 98 to 1 . 

[C034] FIGS 3 A and 3B show a spark plug 1 20 sim- 
iUf to that of F*GS 1 A and 1 B except that an eccentric- 
ity preventive ring 50 serving as the eccentricity 
preventive portion is disposed around the intermediate- 
trunk portion 2g of the insulator 2 (the same features as 
those of FIGS 1 A and 1 B are denoted by common ref- 
erence numerals, and their description is omitted). The 
eccentricrty preventive ring 50 may be formed of, for 
example plastic, hard rubber, metal, or ceramic. In 
attachment, the eccentricity preventive ring 50 may be 
inserted beforehand into the intermediate-bore portion 
40a of the metallic shell 1 . Then, the insulator 2 may be 
inserted into the eccentricity preventive ring 50. Alterna- 
tively, the eccentricity preventive ring 50 may be press- 
fitted beforehand to the insulator 2. Then, the thus-pre- 
pared insulator 2 may be inserted into the metallic shell 
1. 

[0035] Basically, the eccentricity preventive ring 50 
produces an effect similar to that produced by the shell- 
side eccentricity preventive projection 1s of the spark 
plug 110 shown in FIGS. 2A and 2B. In contrast to the 
employment of the eccentricity preventive projection 1s, 
the employment of the eccentricity preventive ring 50 
does not involve an increase in the wall thickness of the 
male-threaded portion 7 and is thus advantageous m 
terms of the workability of the metallic shell 1 . 
[0036] As shown in FIG. 3C, the eccentricity pre- 
ventive ring 50 has an outside diameter 6, a bore diam- 
eter D 3 , and an axial length Q. Preferably, the 
eccentricity preventive ring 50 meets the following 
dimensional conditions: 0.96 < S/D 2 < 1. 0.96 < d 2 /D 3 < 
1 . and Q > 1 mm. If S/D 2 or d 2 /D 3 is less than 0.96 or if 
Q is less than 1 mm, the effect of preventing lateral 
movement of the insulator 2 becomes insufficient. If 
6/D 2 is in excess of 1 , the insertion of the eccentricity 
preventive ring 50 into the intermediate-bore portion 



40a becomes difficult. If d 2 /D 3 is in excess of 1 , the 
insertion of the intermediate-trunk portion 2g into the 
eccentricity preventive ring 50 becomes difficult (how- 
ever, if the eccentricity preventive ring 50 is elastically 
5 deformable, even though at least either 8/D2 or d 2 /D 3 is 
slightly greater than 1, no problem may arise). The 
ratios 6/D2 and d 2 /D 3 are preferably 0.97 to 0.98. The 
length Q is preferably not less than 2 mm. Similarly, 0.95 
< F/d < 1 .where F is the wall thickness of the eccentricity 
10 preventive ring 50, and d is the dimension of the gap J. 
As mentioned previously, since the disposition of the 
eccentricity preventive ring 50 has no effect on the 
workability of the metallic shell 1 , Q may be lengthened 
substantially to the axial length L-, of the intermediate- 
75 bore portion 40a. 

[0037] FIGS. 4A and 4B show a spark plug 1 30 sim- 
ilar to that of FIGS. 1 A and 1 B except that an insulator- 
side eccentricity preventive projection 70 serving as the 
eccentricity preventive portion is disposed on the inter- 
20 mediate-trunk portion 2g of the insulator 2 (the same 
features as those of FIGS. 1A and 1B are denoted by 
common reference numerals, and their description is 
omitted). The insulator-side eccentricity preventive pro- 
jection 70 is formed of plastic and is integrally fitted to 
25 the outer circumferential surface of the insulator 2 so as 
to assume an annular form as shown in FIG. 4C. After 
the glass seal step is completed, the insulator-side 
eccentricity preventive projection 70 may be formed on 
the outer circumferential surface of the insulator 2 by 
30 means of, for example, insert molding. 

[0038] The insulator-side eccentricity preventive 
projection 70 also produces an effect similar to that pro- 
duced by the shell-side eccentricity preventive projec- 
tion 1s of the spark plug 110 shown in FIGS. 2A and 2B. 
35 The employment of the insuiator-side eccentricity pre- 
ventive projection 70 does not involve an increase in the 
wall thickness of the male-threaded portion 7 and is 
thus advantageous in terms of the workability of the 
metallic shell 1. 
40 [0039] The insulator-side eccentricity preventive 
projection 70 has an outside diameter 62 and an axial 
length Q. Preferably, the insulator-side eccentricity pre- 
ventive projection 70 meets the following dimensional 
conditions: 0.96 < S^D? < 1 , and Q > 1 mm. If 6 2 /D 2 is 
45 less than 0.96 or if Q is less than 1 mm, the effect of pre- 
venting lateral movement of the insulator 2 becomes 
insufficient. If 5 2 /D 2 is in excess of 1, the insertion of the 
insuiator-side eccentricity preventive projection 70 into 
the intermediate-bore portion 40a becomes difficult 
so (however, if the insulator-side eccentricity preventive 
projection 70 is elastically deformable. even though at 
least either 6 2 /D 2 is slightly greater than 1 , no problem 
may arise). The ratio S 2 / D 2 is preferably 0.97 to 0.98. 
The length Q is preferably not less than 2 mm. Similarly, 
55 0.95 < G/d < 1 .where G is the height of the insulator- 
side eccentricity preventive projection 70, and d is the 
dimension of the gap J. The axial length Q may be 
lengthened substantially to the axial length of the 
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intermediate-bore portion 40a. 

EXAMPLES 

Example 1 : 

[0040] The metallic shells 1 of the spark plug shown 
in FIG. 1 were manufactured by use of SWCH8A speci- 
fied in JIS G 3539 "Carbon Steel Wires for Cold Head- 
ing and Cold Forging" and through cold forging (the 
male-threaded portion 7 was formed through rolling). 
Dimensions of the metallic shell 1 were as follows: 

Outside dimension of tool engagement portion 1e, 
A: 14 mm 

Diameter of intermediate-bore portion 40% D 2 : (7) 
mm to (1 1) mm 

Length of intermediate-bore portion 40a, : 1 7 mm 
Diameter of major-bore portion 40b, D-, : 13.06 mm 
Effective diameter of male-threaded portion 7, E: 
13.05 mm 

Screw reach of male-threaded portion 7, L 2 : 26.5 
mm 

0.3 <• (D 2 /E) 2 <;0.7 

[0041] The intermediate-bore portion 40a was 
formed through cold forging which was performed in 6 
stages. A forging punch used in the sixth stage, which 
has the greatest area reduction rate, was tested for life 
with respect to various values of (D 2 /E) 2 . The life of the 
forging punch was evaluated in terms of the number of 
forging operations until (D 2 r - D 2 a) became 0.05 mm or 
greater, where D 2 a is a target value of the diameter D 2 
of the intermediate-bore portion 40a, and D 2 r is an actu- 
ally obtained value of the diameter D 2 . The test results 
are shown in FIG. 7A (the life of a forging punch is rep- 
resented by a relative value, while that as measured 
when (D 2 /E 2 is 0.5 is take as 1.0). As seen from FIG. 
7A, the forging punch life is elongated when (D 2 /E 2 
ranges from 0.4 to 0.6. 

Example 2: 

[0042] The metallic shells 1 of the spark plug shown 
in FIG. 2 were manufactured by use of SWCH8A speci- 
fied in JIS G 3539 "Carbon Steel Wires for Cold Head- 
ing and Cold Forging" and through cold forging (the 
male-threaded portion 7 was formed through rolling). 
Dimensions of the metallic shell 1 were as follows: 

Outside dimension of tool engagement portion 1e, 
A: 14 mm 

Diameter of intermediate-bore portion 40a, D 2 : 9.2 
mm 

Length of intermediate-bore portion 40a, : 17 mm 
Diameter of major-bore portion 40b, D^ 13.06 mm 
Effective diameter of male-threaded portion 7, E: 14 
mm 



Screw reach of male-threaded portion 7, L 2 : 26.5 
mm 

Bore diameter of shell-side eccentricity preventive 
projection Is, D 3 : 7.5 to 8.6 mm 

5 

[0043] The insulators 2 having the following dimen- 
sions were manufactured by use of alumina ceramic. 

Overall length of insulator 2, I-, : 69 mm 
w - Length of intermediate-trunk portion 2g, l 2 : 18 mm 
Length of tip portion 2i, l 3 : 14 mm 
Outside diameter of main-body portion 2b, dO: 9 
mm 

Outside diameter of flange portion 2e,6 } : 11.3 mm 
/5 - Outside diameter of intermediate-trunk portion 2g, 
d 2 : 7.3 mm 
- d 2 /D 3 : 0.85 to 0.975 

[0044] Through use of the above-manufactured 
20 metallic shells 1 and insulators 2, 10 spark plugs shown 
in FIG. 2 were assembled for each test value of d 2 /D 3 . 
The assembled spark plugs were measured for a maxi- 
mum amount of eccentricity of the insulator 2 with 
respect to the metallic shell 1. The results are shown in 
25 FIG. 7B. As seen from FIG. 7B, the amount of eccentric- 
ity decreases considerably at a value d 2 VD 3 of not less 
than 0.96. 

Example 3: 

30 

[0045] The insulators 2 of the spark plug shown in 
FIG. 1 were manufactured by use of alumina ceramic so 
as to assume the following dimensions. 

35 - Overall length of insutator 2, I-, : 69 mm 

Length of intermediate-trunk portion 2g, l 2 : 18 mm 

Length of tip portion 2i, l 3 : 14 mm 

Outside diameter of main-body portion 2b, dO: 9 

mm 

40 - Outside diameter of flange portion 2e, d^ 7.7 to 
12.15 mm 

Outside diameter of intermediate-trunk portion 2g, 

d 2 ; 7.3 mm 
d 2 /D 3 : 0.6 to 0.95 

45 

[0046] Through use of the above -manufactured 
insulators 2 and by use of the methods illustrated in 
FIGS. 5 and 6, the glass seal step was repeated 2000 
times for each test value of d 2 /d v The evaluation criteria 
so are as follows: 

Circle mark: The seat die and the insulator assem- 
bly are both free of any anomaly, and galling does 
not occur. 

55 X mark: A problem, such as the chipping of the 
insulator or the galling of the seat die, has occurred. 

[0047] The results are shown in FIG. 8. As seen 
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from FIG. 8, glass seal productivity is favorable at a 
value d 2 /d-| of not greater than 0.75. 
[0048] Obviously, numerous modifications and vari- 
ations of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 5 
within the scope of the appended claims, the present 
invention may be practiced otherwise than as specifi- 
cally described herein. 

Claims 10 

1. A spark plug comprising a rodlike center electrode 
(3), a substantially cylindrical insulator (2) enclos- 
ing said center electrode (3), a substantially cylin- 
drical metallic shell (1) having open opposite ends is 
and enclosing said insulator (2), and a ground elec- 
trode (4) connected to said metallic shell (1) and 
defining a spark discharge gap in cooperation with 
said center electrode (3), in which a male-threaded 
portion (7) is formed on a front-side outer circumfer- 20 
ential surface of said metallic shell (1), and a tool 
engagement portion (1e) adapted to tighten the 
male-threaded portion (7) into a female-threaded 
hole formed in an internal combustion engine is 
formed on the outer circumferential surface of said 25 
metallic shell (1) on a rear side with respect to the 
male-threaded portion (7) in such a manner as to 
be projected circumferentially outward; and said 
insulator (2) has a stepped annular insulator-side 
engagement portion, upon insertion of said insula- 30 
tor into said metallic shell (1) from the rear side 
thereof, the insulator-side engagement portion 
being engaged with an annular shell-side engage- 
ment portion projected inward from a portion of an 
inner surface of said metallic shell (1) correspond- 35 
ing to the male-threaded portion (7), characterized 
in that 

|A - E| < 1 .5 mm, and 0.4< (D 2 /E) 2 <0.6, where 
A is an outside dimension of the tool engage- 40 
ment portion (1 e) represented by a diameter of 
an inscribed circle of a cross-sectional outline 
of the tool engagement portion (1e), E is an 
effective diameter of the male-threaded portion 
(7), and D 2 is an inner diameter of an interme- 45 
diate-bore portion (40a) of said metallic shell 
(1) located on a rear side with respect to the 
shell-side engagement portion. 

2. A spark plug according to claim 1 , further charac- so 
terized in that 7 mm < E < 14 mm, 4.5 mrn< D 2 < 

1 1 mm, and 1 .5 mm^ (E-D 2 )<, 5.2mm . 

3. A spark plug according to claim 1 or 2, further char- 
acterized in that a flange portion (2e) is formed on 55 
an outer circumferential surface of said insulator (2) 

on a rear side with respect to the stepped portion, 
and d 2 /d 1 < 0.75,where d 1 is an outside diameter of 
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the flange portion (2e), and d 2 is an outside diame- 
ter of an intermediate-trunk portion (2g) extending 
between the flange portion (2e) and the stepped 
portion. 

4. A spark plug according to claim 3, further charac- 
terized in that 6 mm < d 1 < 13 mm, 4.5 mm < d 2 < 
10 mm, and 1 .5 mm < (d 1 - d 2 ) < 8 mm . 

5. A spark plug according to claim 3 or 4, further char- 
acterized in that a predetermined gap is formed 
between the intermediate-bore portion (40a) of said 
metallic shell (1) and the intermediate-trunk portion 
(2g) of said insulator (2), and an eccentricity pre- 
ventive portion is provided substantially concentri- 
cally with the intermediate-bore portion (40a) and 
the intermediate-trunk portion (2g) in such a man- 
ner as to partially fill the gap and so as to prevent an 
eccentric disposition of said insulator (2) within said 
metallic shell (1). 

6. A spark plug according to claim 5, further charac- 
terized in that a shell-side eccentricity preventive 
projection (Is) is circumferentially projected from 
an wall surface of the intermediate-bore portion 
(40a) so as to serve as the eccentricity preventive 
portion. 

7. A spark plug according to claim 6, further charac- 
terized in that 0.96 < d 2 /D 3 <1 , and Q > 1 mm, 
where D 3 is a bore diameter of the shell-side eccen- 
tricity preventive projection (1s), and Q is an axial 
length of the shell-side eccentricity preventive pro- 
jection (1s). 

8. A spark plug according to claim 5, further charac- 
terized in that an eccentricity preventive ring (50) is 
disposed around the intermediate-trunk portion 
(2g) of said insulator (2) so as to serve as the 
eccentricity preventive portion. 

9. A spark plug according to claim 8, further charac- 
terized in that 0.96 < 6D 2 < 1.1, 0.96 < d 2 /D 3 < 1, 
and Q > 1 mm, where <5 is an outside diameter of 
the eccentricity preventive ring (50), D 3 is a bore 
diameter of the eccentricity preventive ring (50), 
and Q is an axial length of the eccentricity preven- 
tive ring (50). 

10. A spark plug according to claim 5, further charac- 
terized in that an insulator -side eccentricity preven- 
tive projection (70) is circumferentially projected 
from an outer circumferential surface of the inter- 
mediate-trunk portion (2g) of said insulator (2) so 
as to serve as the eccentricity preventive portion. 

11. A spark plug according to claim 10, further charac- 
terized in that 0.96 < 6 2 /D 2 < 1, and Q > 1mm, 
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where 62 is an outside diameter of the insulator- 
side eccentricity preventive projection (70), and Q is 
an axial length of the insulator-side eccentricity pre- 
ventive projection (70). 
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